We investigated the role of filament length of the toxic cyanobacterium Cylindrospermopsis raciborskii on the grazing of Daphnia magna by providing different food mixtures. It was hypothesized that longer C. raciborskii filaments would reduce the clearance rates of D. magna more than shorter ones. Also, C. raciborskii was expected to have a stronger negative impact on the grazing of larger animals. The clearance rates of two D. magna size classes (smaller, 2.0 + 0.1 mm and larger, 3.1 + 0.06 mm) were measured in short-term laboratory grazing experiments using individuals fed with two different monocultures of a saxitoxin producer C. raciborskii strain distinguished by filament lengths (average 137 and 61 mm). The cyanobacteria were offered as the sole food source and as a mixture (1:1) with Scenedesmus obliquus. A treatment with only S. obliquus was also applied. The length of C. raciborskii filaments did not have a clear influence on the clearance rates of D. magna within the range we tested. Thus, longer C. raciborskii filaments may not necessarily cause stronger feeding inhibition than shorter ones. Most of the grazing reduction occurred when C. raciborskii was the sole food for either size of D. magna. Larger animals experienced increased feeding inhibition by the addition of C. raciborskii to the diet. The proportion of C. raciborskii relative to suitable food may be a key factor for the outcome of feeding performance of D. magna. We encourage other authors to test the validity of these conclusions over a larger range of filament lengths and on strains with different biochemical makeup.
. Cylindrospermopsis raciborskii was originally assigned as a tropical-subtropical species (Padisák, 1997) , where its populations often occur in bloom densities (Bouvy et al., 2000; Saker and Griffiths, 2001) . However, in the last 20 years, the toxigenic C. raciborskii has expanded towards higher latitudes, as shown through new records in temperate freshwaters where blooms have occurred (e.g. Hamilton et al., 2005) . The successful invasion of C. raciborskii has been explained by its wide physiological tolerance, such as positive growth at temperatures between 20 and 358C, coupled with global warming (Briand et al., 2004) . As higher temperatures provide more suitable environment for C. raciborskii populations, an earlier spring rise in temperature may boost their growth (Wiedner et al., 2007) .
The expansion of cyanobacteria blooms has a negative effect on the water quality, because they may stabilize the turbid state of lakes, making restoration more difficult (Scheffer et al., 1997) . This is partly because blooms often cause zooplankton to switch towards dominance of smaller cladocerans, and hence decreasing grazing pressure (de Bernardi and Giussani, 1990) . Growth and fitness of large-bodied cladocerans, such as Daphnia, may be lowered by cyanobacteria, including C. raciborskii for a variety of reasons, such as toxicity by cyanobacterial metabolites, mechanical interference of large particles on the feeding appendages and nutritional inadequacy (e.g. Lürling, 2003) . The magnitude and specific mechanisms underlying the effects of C. raciborskii on key grazers are so far unclear. This is one reason why our ability to predict effects of global warming on C. raciborskii-affected ecosystems remains limited.
The effects of C. raciborskii on Daphnia seem to be strain-specific, and also different Daphnia species are likely to differ in their sensitivities to this cyanobacterium. For example, a cylindrospermopsin-producing strain caused higher mortality and lower growth in D. magna juveniles than a cylindrospermopsin-free strain, although damage to the digestive tract was attributed to an unknown compound and not to cylindrospermopsin itself (Nogueira et al., 2004) . A saxitoxin-producing C. raciborskii caused paralysis in D. pulex while D. gessneri was not sensitive, and another saxitoxin-free strain did not affect these Daphnia in a toxicity bioassay performed by Ferrão-Filho et al. (Ferrão-Filho et al., 2009) . Another study found the growth of D. magna and D. hyalina to be only weakly diminished by C. raciborskii, while D. galeata actually benefited from the filaments in the food suspension, and D. pulicaria growth was decreased (Abrusán, 2004) . Interference in food ingestion occurred, especially among larger Daphnia, when C. raciborskii was offered in mixed diets with more suitable foods (Hawkins and Lampert, 1989; Gliwicz and Lampert, 1990) . Feeding inhibition by a saxitoxin-producer C. raciborskii decreased growth of D. magna only in treatments with a high share of C. raciborskii compared with Scenedesmus obliquus .
In view of these studies, negative effects of C. raciborskii on Daphnia population growth have been claimed to be connected mainly to toxicity (Nogueira et al., 2004) or to feeding inhibition by filaments (Hawkins and Lampert, 1989; Gliwicz and Lampert, 1990; Soares et al., 2009) . Decreasing feeding activity of Daphnia fed cyanobacteria has been hypothesized to be caused by a mechanical interference of long filaments on the grazers feeding apparatus (Gliwicz and Lampert, 1990; DeMott et al., 2001) . These effects seem to be more intense in larger bodied species (Gliwicz and Lampert, 1990 ) and in larger individuals within a population (Hawkins and Lampert, 1989) .
The present work investigated the role of filament length of C. raciborskii on D. magna feeding rates, and it was designed to answer the following questions: does filament length of C. raciborskii have an impact on D. magna grazing rates? If filament length influences grazing rates, does this effect hold for D. magna of different body lengths? We measured the clearance rates of D. magna individuals belonging to two different size classes fed on two cultures of the same toxigenic strain of C. raciborskii distinguished by average filament lengths. We offered C. raciborskii as a sole source of food and as a mixture with Scenedesmus obliquus, because the performance of D. magna depends on the presence of a suitable food supply (Lürling, 2003; Soares et al., 2009) . For the smallest D. magna, we also quantified clearance rates at two different temperatures, because negative effects of C. raciborskii on Daphnia may be alleviated at lower temperatures (Abrusán, 2004) . Longer filaments were hypothesized to have a stronger negative effect on the clearance rates than the shorter ones (Lampert, 1987) . Cylindrospermopsis raciborskii was expected to have a stronger negative impact on larger than on smaller D. magna (Hawkins and Lampert, 1989) . However, for larger animals, we expected these effects to be less dependent on filament size because Daphnia filtering area is a function of body size (Repka et al., 1999) and therefore larger animals could more easily accommodate longer filaments.
We used the approach suggested by Wilson et al. (Wilson et al., 2006) for whom "an unequivocal test of the role of morphology would involve comparing the performance of zooplankton on diets consisting of cyanobacteria from the same strain but with contrasting morphologies", such as a filamentous species that has been disrupted into single cells or small clusters of cells via shaking or sonication. Instead of applying a physical method to disrupt filaments, we grew a strain of C. raciborskii at different temperatures to promote differences in filament length between the cultures. This approach, to our knowledge, has never been applied before in studies of C. raciborskii-Daphnia interaction. Feeding interactions between key zooplankton and the colonial cyanobacterium Microcystis have been largely investigated (e.g. Rohrlack et al., 1999; Lürling, 2003) . Some studies have attempted to quantify Daphnia feeding rates on filamentous cyanobacteria (Aphanizomenon, Anabaena and Planktothrix) (e.g. Oberhaus et al., 2007) . Nevertheless, studies focusing on C. raciborskii are scarce despite its growing threat to water supply and potential for colonizing new habitats. (Lürling and Beekman, 1999) . Cyanotoxins were measured on subsamples (50 mL) of C. raciborskii stock cultures harvested at late exponential growth phase and freeze-dried. Saxitoxins, measured using ELISA (Microtiter Plate; Product No. 52255B, Abraxis LLC, Warminster, USA), have been detected at levels of 4.7 mg saxitoxins g 21 dry-weight (+1.9; n ¼ 9). Cylindrospermopsin, measured through the ELISA method (Microtiter Plate; Product No. 522011, Abraxis LLC, Warminster, USA) was undetected. This strain of C. raciborskii has been shown to produce saxitoxins: 38.9-52.0 mg saxitoxins g 21 dry-weight and 55.0 -77.4 mg gonyautoxins g 21 (A. S. Ferrão-Filho, Rio de Janeiro, personal communication).
M E T H O D Phytoplankton and D. magna cultures
The green alga Scenedesmus obliquus (Turpin) Kützing SAG276/3a was obtained from the culture collection of algae at the University of Göttingen (Germany). Scenedesmus obliquus was cultivated in a climatized room at 208C in a 1-L chemostat on WC medium in continuous light ( 100 mmol photons m 22 s
21
) and with a dilution rate of 1.0 day 21 . The S. obliquus population was dominated by single cells (linear dimensions 16 Â 5 mm) with some two-and four-celled colonies. All phytoplankton cultures were unialgal but non-anexic. Aseptic techniques were applied in culture maintenance in order to prevent unwanted growth of other microorganisms.
Biovolumes of phytoplankton were determined in the course of the experiment with a Coulter w Multisizer II in the range 2 -65 mm equivalent spherical diameter (100 mm aperture tube, Coulter Electronics Limited, Luton, UK). For these measurements, each 1 mL sample was diluted with 9.0 mL electrolyte solution Isoton II (Beckman Coulter, Germany).
The cladoceran Daphnia magna Straus was obtained from the Wageningen University (AEW group) culture collection. This monoclonal culture had been isolated by M. Lürling from Lake Zwemlust (The Netherlands) in 1999 and an isofemale lineage was started. The parental and experimental D. magna were kept with no agitation in 1 L jars containing 800 mL artificial RT-medium with a pH of 7.6, a conductivity of 270 mS/cm and a total hardness of 88 mg CaCO3 /L (Tollrian, 1993) . The jars were placed at 208C in low light of 15 mmol photons m 22 s 21 under a 14:10 h light -dark cycle. The animals were fed three times a week with S. obliquus ( 4 mg C/L). Daphnia magna individuals used for the experiment were collected from jars in clean RT-medium where they were starved for 4 h in order to empty their guts.
C. raciborskii pre-culturing
We manipulated C. raciborskii growth conditions in order to obtain cultures diverging only in filament lengths. Previous work done in our laboratory has shown that the temperature influences the length of C. raciborskii, both in the laboratory and in situ with a decrease in filament length when temperature increases (M.C.S. Soares, Wagningen, personal communication) . Based on these previous observations, prior to the present experiments, a stock culture of C. raciborskii was inoculated into fresh WC-medium in 100 mL Erlenmeyer flasks resulting in initial biovolume of 1.8 Â 10 7 mm 3 mL 21 . These initial inocula were grown as batch cultures in four different constant temperature rooms at 12, 17, 22, 27 and 328C at 35 mmol photons m 22 s 21 under a 14:10 light -dark cycle and were shaken manually once a day. All batch cultures were maintained for 29 days and during this period they were renewed every 9 -10 days to maintain exponential growth. Length and width of C. raciborskii filaments were measured under a NIKON light microscope for at least 50 individuals in each treatment. Under the described experimental conditions, the resulting populations at Day 29 had straight filaments (not coiled, no flakes forming) with distinct average lengths (Table I) . ANOVA tests performed with log-transformed data (toolpack SigmaPlot 2000, version 6.00) revealed significant differences in filament length among treatments (F 3 , 61 ¼ 35.4; P , 0.001). Filaments of C. raciborskii were significantly longer at 17 and 228, and shorter at 27 and 328C as shown by post hoc comparison run through Tukey's tests. We thus used for the grazing experiments outlined below the C. raciborskii cultures with the most contrasting filament lengths we could obtain: the ones grown at 17 and at 328C. Importantly, the ranges of filament lengths we selected for this study are within the range generally found for natural C. raciborskii populations (e.g. Moustaka-Gouni et al., 2009 and references therein). Filament width averaged 2.4 mm (+0.5) in both cultures. The time elapsed between the last renewal of these cultures with fresh WC-medium and the start of the experiment was 9 days and thus the cultures were in the exponential growth phase.
Although the two C. raciborskii cultures obtained originated from the same strain, they are not necessarily identical because temperature influences population growth and cell biochemistry. One important source of dissimilarity between our cultures in the context of this study might be their toxin contents. However, the study done by Castro et al. (Castro et al., 2004) was unable to detect significant differences in the saxitoxin content of C. raciborskii cells grown at 19 or 258C. Also for Aphanizomenon flos-aquae, temperature conditions tested (16-258C) did not induce pronounced differences in cylindrospermopsin content (Preussel et al., 2009) . On the other hand, Saker and Griffiths (Saker and Griffiths, 2000) reported a positive correlation between toxin (cylindrospermopsin) content and temperature among C. raciborskii isolates grown between 20 and 358C, and at the highest temperature no detectable amount of toxin was found. The range of temperature used by us (20 and 278C) for growing C. raciborskii is 88 lower that in Saker and Griffith's (Saker and Griffiths, 2000) study and then the variation in toxin content among our cultures (grown at 20 and 278C) might not have been too dramatic. Although we did not test for toxicity at the start of the experiment, but only on stock cultures, the cultures used are likely to be more similar to each other than to other strains or cyanobacteria species regarding biochemical makeup. Thus, filament length may be considered the main differing characteristics between Cyl 61 and Cyl 137.
Grazing experiments
Three short-term grazing experiments were performed using an identical set of five food types (four replicates each). All treatments had equal food concentrations at biovolumes of 1.0 Â 10 7 mm 3 mL 21 corresponding to 5 mg Carbon L 21 , which resembles eutrophic conditions (Müller-Navarra et al., 2000; Lürling, 2003) . Food suspensions based on culture biovolumes were (Table II) : C. raciborskii possessing longer filament (137.1 + 64.1 mm) as a sole food (100% Cyl 137), and combined with 50% S. obliquus (50% Cyl 137); C. raciborskii with shorter filament (61.0 + 23.4 mm) as a sole food (100% Cyl 61), and combined with 50% S. obliquus (50% Cyl 61); and S. obliquus alone (100% So) as a reference of the grazing level one could expect for D. magna feeding on a chlorophyte considered to be a suitable food supply (Lürling, 2003; Soares et al., 2009) . All assays were performed in 24-well culture plates. Each well was filled with 2.5 mL of food suspension with different proportions of "shorter" or "longer" C. raciborskii and S. obliquus (Table II) . Four wells per food treatment without D. magna served as controls. Non-egg-bearing D. magna belonging to two different size classes were used in the assays. Daphnia body lengths, defined as the distance from just above the eye to the base of the junction of the tail spine with the carapace, were measured using a stereo-binocular microscope. For the first two experiments, D. magna individuals belonging to a "smaller" (2.0 + 0.1 mm; n ¼ 24; 8 days old) and a "larger" (3.1 + 0.06 mm; n ¼ 24; 14 days old) size class were used, and both were incubated at 208 C. In the third experiment, "smaller" sized D. magna (2.1 + 0.2 mm; n ¼ 24; 8 days old) previously acclimatized for 6 h at 278C were employed, and the experiment was run at 278C (Table II) . Randomly selected animals from the respective size classes were transferred to the treatment plates, at a density of one individual in each well. The well plates were incubated for 2.5 h in the dark (Lürling, 2003; Soares et al., 2009) . We consider that short-term incubation, such as 2.5 h, avoids undesirable effects of food limitation in the treatments. Total biovolume in treatments and controls was measured after incubation as outlined above.
Clearance rates (CR) were calculated from the decrease in biovolume between controls and treatments according to the following equation (Peters, 1984) :
in which CR is the clearance rate (mL ind 21 h
21
), V control the biovolume in the controls (mm 3 mL
), V treatment the biovolume in the treatments (mm 3 mL 21 ) after the incubation period t (h) and 2.5 is the volume of medium per individual D. magna (mL ind.
). Data were analysed through analyses of variances (ANOVA) using SigmaPlot 2000, version 6.00. The ANOVA assumption of normality was tested by the visual inspection of normal probability plots of the residuals and the Kolmogorov-Smirnov test. Variance homogeneity among groups was checked through Levene's test. ANOVA assumptions were valid for the log-transformed values we used in all analyses. The significant level assumed was a , 0.05. We performed ANOVA in order to test whether filament length of C. raciborskii (alone or mixed with S. obliquus) affects clearance rates of smallersized D. magna and whether these effects interact with environmental temperature. For these analyses, clearance rates of smaller-sized D. magna (2.1 + 0.2 mm) were compared using a two-way ANOVA with food type and temperature of incubation as factors. The factor food type consisted of five levels (100% Cyl 137 mm; 100% Cyl 61 mm; 50% Cyl 137 mm, 50% Cyl 61 mm; 100% So), while the factor temperature of incubation consisted of two levels (20 and 278C). Another ANOVA was performed in order to test if C. raciborskii filament length influences grazing rates of larger (3.1 + 0.06 mm) D. magna. Because we ran the experiment with larger D. magna at 208 only, a one-way ANOVA was performed to test differences in clearance rates of larger animals, with food composition as the fixed factor. In order to distinguish the effects of C. raciborskii on clearance rates of smaller and larger D. magna incubated at 208C, we calculated the differences in clearance rates by first pooling values obtained from animals fed longer filaments (137.1 + 64.1 mm) and shorter filaments (61.0 + 23.4 mm) for each D. magna size class. Therefore, for each phytoplankton proportion (100% Cyl, 50% Cyl, 100% So), we obtained eight values (four replicates of shorter C. raciborskii filaments plus four replicates for longer filaments, and two sets with four replicates of 100% So allocated at plates 1 and 2; Table II ). This procedure was repeated separately for the data set of larger and smaller D. magna incubated at 208C and by subtracting them we obtained the differences in clearance rates between larger and smaller D. magna. Means (+ standard deviations) were then calculated. We also used this data set to perform a one-way ANOVA in order to detect significant differences among clearance rates of small and larger D. magna on the three food types: 100% Cyl, 50% Cyl and 100% So.
For all analyses performed, in cases in which ANOVA detected overall significant differences between treatments, the means of clearance rates values were compared by Tukey's post hoc comparison test.
R E S U LT S
The trends of D. magna clearance rates feeding on the different food types were generally similar comparing the two incubation temperatures tested (Fig. 1A and B) and also comparing the smaller (2.0 + 0.1 mm) and larger (3.1 + 0.06 mm) animals at 208C (Fig. 1A and  C) . Food type had a significant effect on feeding rates as detected by the two-way ANOVA in the experiments run at 20 and at 278C (F 4,38 ¼ 32.581; P , 0.0001; Table III ). However, no significant effect of temperature (F 1,38 ¼ 2.374; P ¼ 0.076; Table III) or interaction between temperature and food type (F 4,38 ¼ 0.994; P ¼ 0.422; Table III) were found for smaller animals tested.
For smaller Daphnia at 278C, we could separate two homogeneous groups of treatments that are not significantly different within each other regarding clearance rates. Significant differences between these two groups were found taking into account P-levels between 0.0001 and 0.037 (Table III) . In one group, food suspensions where the green alga was present at 50% (50% Cyl 137; 50% Cyl 61) or 100% (100% So) resulted in higher clearance rates, ranging between 0.413 + 0.11 mL ind.
21 h 21 (50% Cyl 61) and 0.534 + 0.09 mL ind.
21
h 21 (100% So) (Fig. 1B) . No statistical differences within this group were inferred from Tukey's tests, at P-levels of 0.899, 0.999 and 0.358 (Table III) ). No significant differences between these two treatments were detected through Tukey's tests (P ¼ 0.999; Table III) .
Nearly identical trends found for the experiment run at 278C were also observed for the feeding rates measured for smaller D. magna at 208C (Fig. 1A) , except for the fact that Tukey's did not detect significant differences (P ¼ 0.989; Table III (Fig. 1A) . It is noteworthy, however, that no significant differences, as detected by Tukey's test, were found for clearance rates of smaller D. magna fed treatments comprised by 100% So and 50% Cyl, irrespective of filament length (P ¼ 0.998 and P ¼ 0.204; Fig. 1A and Table III) , while treatments comprised by 100% Cyl (both average filament sizes of 61 and 137 mm) resulted in lower clearance rates compared with the animals fed green algae, at P-levels of 0.012 and 0.0001 (Fig. 1A and Table III) .
Clearance rates of larger D. magna (3.1 + 0.06 mm) were found to be significantly different among food suspensions (Fig. 1C) , according to the one-way ANOVA (F 4,19 ¼ 148.2; P , 0.0001; Table IV ). As generally expected (and differently from what we found for smaller D. magna), clearance rates attained by largersized animals were the highest for D. magna fed a diet of green algae only (100% So; 1.716 + 0.19 mL ind. (Table IV) . Still for larger D. magna, the relative importance of filament length and C. raciborskii proportion for the grazing rates was not clearly evident. Clearance rates were significantly higher for larger D. magna fed the 50% Cyl 137 mixture (0.678 + 0.05 mL ind.
21 h 21 ; Fig. 1C ) and significantly lower for larger D. magna fed filaments at treatment 100% Cyl 61 (0.176 + 0.05 mL ind.
21 h
; Fig. 1C ) compared with other treatments in which the cyanobacterium was present (P-levels between 0.0001 and 0.022, as detected by Tukey's test; Table IV Table IV) . Differences in clearance rates between larger and smaller D. magna increased significantly (F 2,21 ¼ 199.9; P , 0.0001) with a decreasing proportion of C. raciborskii in the diet (Table V) . With a diet consisting of 100% Cyl, differences in clearance rates between larger and smaller Daphnia were minimal (0.01 mL ind. 21 h 21 ; Table V) . This difference increased significantly (almost 20 times) at 50% Cyl (50% So) treatments with a P-level of 0.04 (Table V) . Differences between larger and smaller D. magna clearance rates increased significantly (P , 0.0001; Table V) from 0.19 to 1.28 mL ind.
21 h 21 comparing the treatment where C. raciborskii was added at a proportion of 50% and the treatment with S. obliquus as a sole source of food (Table V) . 
D I S C U S S I O N Effects of C. raciborskii filament length and proportion on D. magna clearance rates
Our results do not support the hypothesis that longer cyanobacteria filaments have stronger negative effect on the grazers clearance rates than the shorter ones, as proposed by Lampert (Lampert, 1987) . The length of C. raciborskii filaments did not have a clear influence on the feeding rates of D. magna. The mixed food suspensions with S. obliquus plus C. raciborskii, irrespective of mean filament length (50% Cyl 137; 50% Cyl 61), were generally ingested by smaller (2.0 + 0.1 mm) D. magna at similar rates compared with the treatment with the green algae as a sole food source (100% So).
For larger D. magna, all treatments in which C. raciborskii was present resulted in lower clearance rates compared with the treatment with only green algae, but the effect of filament length was also not apparent. It should be noted, however, that when contrasts are made between treatments with the same food proportions (100% Cyl 61 and 100% Cyl 137, and between 50% Cyl 61 and 50% Cyl 137 treatments), mean clearance rates on longer filaments were found Comparisons of mean clearance rates of D. magna among treatments by Tukey's test for post hoc comparisons are also shown.
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to be slightly higher than on shorter ones. For example, the clearance rates were 8 -26% higher for smaller D. magna grazing on longer than on shorter C. raciborskii filaments (Fig. 1A and B) . This trend was also generally reproducible with larger animals (Fig. 1C) . This might point to a more efficient grazing on larger than on shorter cyanobacterium filaments. Nevertheless, since for small Daphnia, we were unable to find significant differences between treatments with longer and shorter filaments within the same C. raciborskii proportions, we cannot state that longer filaments are preferred for ingestion by D. magna. We may, however, reject the hypothesis of D. magna being always more sensitive to longer than to shorter cyanobacteria filaments. For smaller D. magna, our results are consistent over the range of incubation temperatures tested (20 and 278C). These results are contrary to the findings of Abrusán (Abrusán, 2004) who reported that at lower temperature the increased water viscosity would alleviate the negative effect of C. raciborskii on Daphnia. Under these conditions, the clearance rates would increase. The lack of a temperature effect on our study might possibly be explained by the fact that the difference in temperature in our experiments may have produced a weaker difference in water viscosity compared with Abrusán's work (Abrusán, 2004) , who used 12 and 228C. Also, we cannot rule out that the lack of effect of temperature in our study was a consequence of a poor acclimatization of D. magna at 278C at the beginning of the experiment.
The proportion of C. raciborskii in the food mixture, as pointed out by our results, may have an important role in determining the rates of feeding of D. magna. At least in one assay (run at 278C; Fig. 1B ) D. magna grazing was more affected, irrespective of filament length, when C. raciborskii was offered as the sole food source. Taking this assay into account, the proportion of C. raciborskii seems to be even more important than filament length for the outcome of feeding performance. However, as this pattern may not be generalized for the other two experiments (Fig. 1A and C) , the relative importance of cyanobacterium proportion in the food supply and filament length for the outcome of grazing rates still remains to be quantified.
The importance of proportions of C. raciborskii relative to suitable food items has been also highlighted by Soares et al. . Clearance rates obtained in the present study are similar to the ones previously reported by these authors in comparable experimental conditions of filament length and animal sizes ( 0.15, 0.5 and 0.8 mL ind.
21 h 21 for 100% Cyl, 50% Cyl and 100% So treatments, respectively). These earlier results also indicated higher clearance rates of D. magna feeding on food suspensions comprised by a mixture of C. raciborskii and S. obliquus, and no significant difference between this mixture and the green algae alone. In another study, Sahuquillo et al. (Sahuquillo et al., 2007) found an inverse relationship between D. magna clearance rates and cyanobacterial filaments concentration in natural seston samples.
The decreasing effect of C. raciborskii on D. magna in the presence of S. obliquus in our study may be possible because the presence of a suitable food in mixtures with cyanobacteria promotes a decrease in handling time (Hartmann and Kunkel, 1991) . The decreasing negative effect on Daphnia promoted by additions of Scenedesmus in the present study may be also connected to a weaker toxicity. At lower cyanobacteria biomass (50% Cyl), any saxitoxins produced by our strain can be assumed to be more diluted within the total food biomass and thus potential hazard caused by the toxins on the grazer might have been attenuated in the treatments with mixed Scenedesmus and C. raciborskii. Decreasing toxicity might also explain why clearance rates were similar for D. magna feeding on 50% Cyl and 100% So, harmful effects of C. raciborskii may become visible only at high proportions of C. raciborskii in the diet . However, we cannot exclude the possibility that incubation time was too short to promote feeding inhibition at lower levels of C. raciborskii.
Consistent with our results for smaller Daphnia (2.0 + 0.1 mm), Hartmann and Kunkel (Hartmann and Kunkel, 1991) ), which may be considered a food of higher quality than the cyanobacterium. Moreover, Fulton (Fulton, 1988) showed Daphnia species to be able to significantly consume an Anabaena flos-quae strain (length 111 + 18 mm), which had similar length compared with our C. raciborskii (137.1 + 64.1 mm). On the other hand, longer filaments of Aphanizomenon flos-aquae (210 + 24 mm) and Anabaena species (ranging from 233 to 423 mm) were not significantly consumed. In another study, D. galeata was unable to feed on Planktothrix agardhii (426.0 mm) irrespective of microcystin presence or absence (Dionisio Pires et al., 2007) and hence the authors argued that morphology was the determinating factor for controlling feeding rates. Planktothrix rubenscens measuring ,100 mm were preferably ingested by adult D. pulicaria compared with longer filaments measuring up to 984 mm (Oberhaus et al., 2007) . Thus, the lack of an effect of C. raciborskii filament length on the feeding of smaller D. magna is possibly explained by the limited range of filament length we used (averaging 61 and 137 mm). Hartmann and Kunkel (Hartmann and Kunkel, 1991) suggested that Daphnia would be able to ingest long filaments, provided they do not exceed the animal's carapace length.
It is also important to stress that we tested only two size classes of filaments and, in the food mixtures we used, shorter filaments were present in the Cyl 137 treatments and also longer filaments were present in the Cyl 61 food suspensions (see Methods, Table I ). We are unable to estimate the effect of this variation of filament size distribution on our results. However, this variation mimics characteristics of natural populations, where different size classes are also usually found. Thus, our data are useful for understanding the degree of variation of grazing activity on populations of cyanobacteria with predominant filament length in the different size categories we tested. In order to expand our findings, we encourage other authors to test strains with different toxin profiles, other filament ranges and zooplankton species.
The effect of body length on clearance rates of D. magna feeding on C. raciborskii and S. obliquus
We could confirm that larger (3.1 + 0.06 mm) D. magna suffer a greater degree of feeding inhibition by the addition of C. raciborskii in the diet, compared with smaller animals (2.0 + 0.1 mm), as previously shown for other species, such as D. pulicaria, D. cucullata and D. hyaline (Hawkins and Lampert, 1989) . In our study, while clearance rates on Scenedesmus alone (100% So) were about 75% higher for larger D. magna, differences in clearance rates between Daphnia size classes decreased as the proportion of C. raciborskii increased (Table V) . Because clearance rates are a function of Daphnia's body size (Repka et al., 1999) , and hence higher values are expected for larger body-sized animals, we can suggest that the drop in the difference of clearance rates between larger and smaller animals feeding on C. raciborskii was a result of a stronger negative effect of the cyanobacteria on larger Daphnia. These findings also agree with the study of Hartmann and Kunkel (Hartmann and Kunkel, 1991) , regarding smaller and larger animals, respectively (Hartmann and Kunkel, 1991) .
Increasing feeding inhibition in larger body-sized animals exposed to filamentous cyanobacteria has also been reported to occur in other Daphnia, such as D. cucullata and D. galeata (DeMott et al., 2001) . However, the precise physiological causes for these findings are so far unclear. For D. magna feeding on mixtures of C. raciborskii and Scenedesmus, we could speculate that smaller animals would be less vulnerable to filament interference since they are likely to have decreasing mesh sizes in their filter screens, which enhance filtration effectiveness for smaller cells (Bednarska and Dawidowicz, 2007) such as S. obliquus. Moreover, according to the model described by Hartmann and Kunkel (Hartmann and Kunkel, 1991) smaller Daphnia would select small rounded cells over elongate filaments compared with large animals because of "higher probability of rejection of the latter in the feeding current, greater loss from the food groove, and increased handling time". Both these mechanisms would render smaller individuals less sensitive to C. raciborskii than larger ones either due to attenuated mechanical interference on feeding or to a decreased intake of toxic filaments.
C O N C L U S I O N S
Our results do not support the hypothesis that shorter filaments of cyanobacteria cause weaker feeding interference than longer filaments. This conclusion is possibly limited to the lower range of filament lengths; longer filaments (e.g. .200 mm) could have generated a stronger effect. However, we used filaments whose lengths are well within the ranges described for natural populations of C. raciborskii, such as: 100 mm on average among several Brazilian semi-arid reservoirs (Bouvy et al., 2000) , 85-237 mm in a sub-tropical Brazilian reservoir (M.C.S. Soares, Wageningen, personal communication) and 50-150 mm in a Canadian lake (Hamilton et al., 2005) . Moustaka-Gouni et al. Thus, in such cases, filament length of C. raciborskii should not be regarded a priori as an overriding factor affecting daphnid grazing. Alternatively, the degree of toxicity should be considered.
The proportion of C. raciborskii relative to suitable food items, in addition to particle size, is a key factor for the outcome of feeding performance of D. magna. Combined with a food particle of higher quality (the green algae), the filaments caused generally weaker feeding inhibition. We could infer that especially in cases when Daphnia population is dominated by smaller animals, which are less inhibited by C. raciborskii, if filaments are below a threshold of ca. 200 mm, and the biomass of filamentous cyanobacteria is not too high compared with other phytoplankton, the cyanobacterial population would be expected to be more susceptible to grazing mortality, unless the population is highly toxic. Oberhaus et al. (Oberhaus et al., 2007) proposed that predation by zooplankton could be a successful mean for controlling Planktothrix blooms at the onset of its population development, because then filaments are likely to be in the shorter spectrum of a range between 3 and 984 mm (average 150 mm).
While we have shown an increasing sensitivity of D. magna to C. raciborskii filaments over larger animals, the mechanism behind this pattern remains to be revealed. Moreover, we cannot exclude the possibility that C. raciborskii would have different effects on the grazing of other Daphnia species and also other zooplankton genera, owing to the species-specific nature of herbivore responses to cyanobacteria (Tillmans et al., 2008) . Understanding these gaps will provide us with a better background to explain the dynamics of C. raciborskii populations in newly invaded habitats.
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